Zinc finger protein 191 deficiency attenuates vascular smooth muscle cell proliferation, migration, and intimal hyperplasia after endovascular arterial injury.
Restenosis engenders surgical vascular intervention failure. Zinc finger protein 191 (ZFP191) is a novel member of the SCAN domain family of Krüppel-like zinc finger transcription factors. Previous work reveals that ZFP191 is a pleiotropic factor that plays important roles in hematopoiesis, brain development, and tumor growth. Here, we sought to determine whether intimal hyperplasia was affected by the activity of ZFP191 and to investigate the molecular mechanisms that may underpin the process. Intimal hyperplasia was induced by guidewire injury in mouse femoral arteries. The arteries were harvested for morphometric assessment and determination of ZFP191 expression. Next, ZFP191 knockdown in cultured mouse aortic vascular smooth muscle cells (VSMCs) was achieved by lentiviral transduction of short-hairpin RNA. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay, [(3)H]thymidine incorporation assay, scratch assay, and transwell migration assay were used to evaluate the effects of ZFP191 knockdown on VSMC growth and migration. In addition, β-catenin, c-myc, cyclin D1, matrix metalloproteinase (MMP) 9, MMP2, and MMP7 were measured by Western blotting in the absence of ZFP191 in vitro and in vivo. Zymography was used to evaluate MMP activity in cell culture-conditioned media. Lastly, artery injury was performed in wild-type (WT) and heterozygous ZFP191 knockout (KO) mice, and morphometric analysis of the arteries was determined. Guidewire injury was associated with development of intimal hyperplasia, and ZFP191 expression was enhanced by 51% in the injured arteries. Cultured primary VSMCs transfected with lentiviral shZFP191 displayed reduced proliferation and migration compared with controls. Mechanically, ZFP191 knockdown potently decreased the level of β-catenin and its downstream targets c-myc and cyclin D1. ZFP191 knockdown downregulated the expression of MMP9, MMP2, and MMP7, and zymography confirmed that ZFP191 knockdown reduced the activity of MMPs. Consistent with the in vitro data, elevated expression of β-catenin, c-myc, cyclin D1, MMP9, MMP2, and MMP7 accompanied upregulation of ZFP191 after injury in the femoral arteries of mice, and these levels were downregulated in ZFP191 KO vessels. Finally, intimal hyperplasia was greatly blocked in heterozygous ZFP191 KO mice compared with WT mice (intima/media ratio, 0.124 vs 0.412; P < .05). ZFP191 played an essential role in aggressive proliferation and migration of VSMCs, which in turn facilitated intimal hyperplasia. Our findings offer the first genetic evidence of ZFP191 as a potential therapeutic target to prevent restenosis.